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Abstract 
High energy consumption problem has become increasingly acute human needs. Domestic heating in winter involves 
considerable expenses, so the idea of energy conservation and the need to implement reliable and innovative solutions in the field 
of energy in constructions emerged. Given these constrains, a judicious approach of the built environment is the study of energy 
consumption starting from the concept phase. This paper presents a parametric study regarding impact on energy consumption 
for different factors and the weighing associated.  The analysis has been performed using an energy simulation program, which is 
able to provide a complex analysis of the thermal behavior of the building for different cases. The thermal behavior of a building 
should be the result of a multi-criteria optimization, considering both thermal comfort and energy savings. The purpose was to 
determine for each climatic zone when it is ineffective to increase the thermal resistance of the envelope element and the gain in 
energy economy begins to be insignificant. From these results we have chosen the optimal case for certain characteristics of 
glazed and opaque elements analyzing which is the best orientation for this case, considering both, heating and cooling load. The 
study indicated an optimal configuration of the envelope elements and optimal orientation of the building in order to reach the 
passive house level, demonstrating the necessity of such a step from the design phase. 
©2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The general concept of “sustainable development”, highly promoted worldwide, imposes itself the use of innovation 
in all areas, ensuring a good way of life for the current generations without compromising the future of the next 
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generations [1, 2]. Two of the effects of technological development of the entire human society in the last century is 
the pronounced increase of energy consumption and the dependence of the mankind for the consumption of the 
fossil fuels. Following these warnings, a series of regulations have been introduced: for example Sweden  in 1990 by 
FEBY (Forum for energy-efficient buildings)[3]  or in Germany (1995)[4]. Germany, the European country with the 
highest concerns regarding renewable energy and low energy consumption in buildings, has also defined two types 
of building standards whose consumption of heat are lower than those provided for in the mandatory regulations: 
low energy houses and passive houses. The concept of the passive house is a concept that ensures a high thermal 
comfort at low cost. This concept should not be confused with a high energy performance standard. The standard 
indicates that the peak for daily average heating and cooling loads are typically below 10 W/m2 and annual heat 
energy demands are below 15 kW h/(m2 year)[5]. The Passive House standard was originally developed in 
Germany. 
Given these constrains, a judicious approach of the built environment is the study of energy consumption starting 
from the concept phase. This paper presents a parametric study regarding the impact on the energy consumption for 
different factors and the weighing associated.  The analysis has been performed using an energy simulation program 
(Design Builder), which is able to provide a complex analysis of the thermal behavior of the building for different 
cases.   
The buildings, no matter what their intended use might be, are high energy consumers, but in the same time, this 
sector provides great opportunities for increasing the energy efficiency, critical  issue in the current global 
context[6].  
The European Commission proposes in the package of the documents representing the European Union's new 
energy policy the following objectives: reducing emissions of greenhouse gases by 20% until 2020 compared to 
1990, increasing the share of renewable energy sources in the total energy mix from less than 7% in 2006 at 20% of 
total EU energy consumption until 2020 or reducing global primary energy use by 20% until 2020[7]. To achieve 
these objectives there a series of legislative measures that target the reduction of energy consumption were 
developed. 
From all the above, it follows that the thermal behavior of a building should be the result of a multi-criteria 
optimization, considering both thermal comfort and energy savings. For countries where the cold season has a major 
impact, the energy consumption for heating has an important weighing on the energy bill [8]. The importance of 
parameters which influence this consumption has been intensely analyzed in several studies [9-11] and passive 
building systems require a holistic approach and thus enhanced collaboration among actors involved in the building 
process[12, 13].  
This article takes into consideration the need for pre-evaluation in the design phase of a building, especially when 
the purpose is to obtain a passive house.  
2. Methodology 
The purpose of conducting energy simulations for a passive house is to observe and analyze the conditions 
difficult to achieve for different cases and situations. The only way to check the design phase of these requirements 
is the use of numerical simulations. 
In this paper, the energy consumption is analyzed for different parameters. First, the weight of each parameter is 
calculated in order to establish which is the envelope element which can influence the most the energy consumption, 
given a certain situation. For the first two important parameters we have calculated the energy consumption for 
different thermal resistances and for different climatic zones as indicated in Romanian standard [14]. The purpose 
was to determine for each climatic zone when it is useless to increase the thermal resistance of the envelope element 
and the gain in energy economy starts to be insignificant. From these results we have chosen the optimal case for 
certain characteristics of glazed and opaque elements analyzing which is the best orientation for this case, 
considering both, heating and cooling load. The study indicated an optimal configuration of the envelope elements 
and optimal orientation of the building in order to reach the passive house level, demonstrating the necessity of such 
a step from the design phase.  
The various simulation programs allow you to create 3D model and provides a series of important results such as 
energy consumption hourly, monthly, daily for heating / cooling, comfortable conditions (air temperature in every 
room, radiant and operative temperature, relative humidity, etc.) and even accurate design for HVAC systems. 
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The 3D model of the building is conceived with Design Builder program, delineating the thermal zones. This step 
is a fundamental part when energetic analysis of a building is desired by simulation. These zones can be considered 
as a room or group of rooms inside the building having similar thermal conditions, same profiles (temperature, 
occupancy etc.), or are served by the same HVAC(Heating, Ventilation, Air-Conditioning) systems. The next steps 
are the introduction of all parameters: weather file (solar radiation, temperature, humidity, wind speed), the structure 
of construction elements, such as carpentry, heating/ air-conditioning profiles, ventilation rate, the type of heating 
and ventilation, possible shading interior or exterior and interior heat gains (i.e. people, equipment etc.). 
2.1.  Studied building 
The building is located in the north of Bucharest, in a newly built area of the city, climatic zone II, with an 
outside conventional rated temperature of -15°C in winter. The height of the building is given by the height of the 
ground floor, first floor and second floor. Total used area is 429m2. 
 
Fig. 1. House architecture; 
The thermal characteristics of the building envelope will be chosen after the sensitivity study regarding the 
influence on the energy consumption. The optimal building elements will define later the studied case. The HVAC 
system is composed of terminal devices needed to ensure thermal comfort (fan coil for heating and chilled beams for 
cooling) and energy sources (solar panels for heating and hot water preparation, condensation gas boiler and a air-
water heat pump for water cooling). Also, the exhaust air heat potential is exploited by a high efficiency (90%) 
recovery heatexchanger which preheats / pre-cools primary air to ensure a minimum airflow of fresh air. During the 
heating period, the solar panels covering an area of 35 m², preheat hot water and introduce it into the boiler. The 
additional thermal energy necessary to ensure both domestic hot water and heating is provided by a condensing 
boiler with an efficiency of 97 % and operating temperature of 60/50 °C. In the rest of the year, the solar panels can 
fully provide the required domestic hot water, which is representative for a residential building and follows the 
occupancy scenario of the building. The hot water is heated at 55 °C.  
During the summer, the chilled beams ensure the thermal comfort at a temperature set point of 25°C. The 
ventilation system ensures a fresh airflow rate of 7 l/s per person. Its operation is based on the occupancy scenario, 
introducing fresh air with a temperature equal to indoor temperature.  
2.2. Building envelope elements weighing impact on energy consumption 
Building envelope has a decisive role in achieving comfort with low energy consumption. The elements of a 
building (opaque and glazing elements) are characterized by finite geometrical dimensions and certain 
characteristics such as thermal conductivity, air and humidity permeability etc.  
The glazing elements which provide natural lighting, offer a significantly lower thermal protection than opaque 
elements and their share in the entire closure assembly is limited to what is necessary to ensure natural lighting. As 
follows, simulations will be performed on a specific building in order to discover to what extent the envelope 
elements with different thermal resistance affects the energy consumption of the building. What is the border 
between efficient and cost effective thermal resistance? 
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It is well known that the insulating material directly influences thermal protection. Increasing the insulation 
thickness, the heat loss is reduced. The most important principle of energy efficient buildings is to have a 
continuously thermally isolated humidity and airtight envelope to minimize heat loss. It is also particularly 
important that thermal bridges should be avoided or minimized. At the same time, increasing the thermal insulation 
leads to increased costs and at some point the energy gain becomes insignificant. 
For each of the four building elements (exterior wall, terrace, ground floor and windows), we have considered 
several thermal resistances, which will conduct further to heat global transfer coefficients. The smallest ones were 
chosen accordingly to the Romanian technical norm C107[15], being the minimal thermal resistances required. For 
the similar conditions, the energy consumption was simulated in order to obtain the impact hierarchy of each 
element. Since the heating load is more important than cooling, the ranking was given with regards to heating 
consumption.  
                                        Table 1. Weighing of the building envelope elements 
Envelope 
element 
Thermal resistance  
[m2 K/W] 
Heating 
consumption 
[kWh/year] 
Cooling 
consumption 
[kWh/year] 
Weigh 
Exterior 
wall 
1,8 4838 1020 
1 
4 2775 1083 
6 2101 1107 
7,2 1023 1805 
8,5 1739 1025 
9,5 1654 1029 
Terrace 
5 1990 1121 
3 
5,5 1950 1024 
6,2 1874 1023 
7 1805 1023 
8 1737 1022 
9 1684 1028 
Ground 
floor 
4,5 1866 990 
4 
5 1845 1000 
5,5 1828 1008 
6,66 1805 1023 
7 1798 1026 
8 1787 1034 
Windows 
0,77 2763 937 
2 
0,85 2473 961 
0,95 2179 987 
1,11 1805 1023 
1,2 1643 1041 
The heat loss through exterior walls and the terrace is more than 70% of total energy losses. Thus, improving 
thermal insulation for these elements is the most effective way to minimize energy loss in buildings. The largest 
share in minimizing heat loss and energy consumption for heating and cooling passive house is due to exterior walls, 
followed by windows and terrace. We shall study further for the exterior walls and the windows the influence of 
thermal resistance on energy consumption. 
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2.3. Energy consumption variation for different thermal resistances of the exterior walls 
The thermal resistance of the external walls of a passive house has the largest share for low energy consumption. 
The analysis is performed for four cities situated in the four climatic zones considered in [14] (Constanta- zone I, 
Bucuresti- zone II, Cluj Napoca- zone III and Fagaras- zone IV ).  
 
Fig. 2. Energy consumption- heating for each thermal zone when varying the thermal resistance of the walls 
The six given thermal resistance values of the walls are different because of the different configuration of each 
case, but within the same range of thermal mass. The first value of the thermal resistance of the walls taken into 
account is in accordance C107[15], being the minimal thermal resistance imposed for this element. The following 
resistances were calculated according to the exterior wall structure. 
 
Fig. 3. Energy consumption- cooling for each thermal zone when varying the thermal resistance of the walls 
According the Figure 2 the thermal resistance of the walls is inversely proportional to the energy consumption for 
heating. As the thermal resistance of the envelope element increases, the energy consumed for heating decreases. 
The energy consumption for heating decreases once the resistance of the walls is increased so at a resistance of 1.8 
m2K/W we obtain a heating consumption of 43.7 kWh/m2year and at the highest resistance of 9.5 m2K/W there is a 
consumption of 15.9 kWh/m2year for climatic zone IV, representing an energy consumption decrease with more 
than 60% . The study for finding the optimal thermal resistance must be correlated to a cost analysis, but for this 
case the simulation indicates that the values of interest are between 6 and 8 m2K/W. 
Starting form a certain range of thermal resistances the energy saving is not significant anymore.  Not the same 
conclusions are applying to the cooling case (Figure 3), where there is an interest of improving the thermal 
insulation only for warm climates like Bucuresti. For other cities, a higher thermal insulation will prevent from heat 
loss during the night which can lead to an increase of cooling load. 
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In the other three considered cities the recorded energy consumption is very close because the climate 
temperatures taken into account are close. 
For our model we have chosen the optimal thermal resistance with a value of 7.2 m2K/W for walls having  the 
following configuration: the exterior walls are made up of brick type "Porotherm" of 30 cm thickness, plastered and 
painted with washable paint. They are insulated with expanded polystyrene EPS AF 20 cm which will subsequently 
have a layer of plaster( 7.2 m2K/W thermal resistance). The roof terrace has a resistance of 7 m2K/W and is made 
up of 15 centimeters of reinforced concrete, insulated with expanded polystyrene 20 cm thickness. Composed of 10 
centimeters extruded polystyrene, reinforced concrete, extruded polystyrene, 2 cm screed and parquet, floor above 
ground has a thermal resistance of 6.6 m2K/W. 
2.4. Energy consumption variation for different thermal resistances of the windows 
Providing the building with adequate glazed area has also a major impact on thermal losses. Classic wooden 
carpentry, equipped with simple clear glass has become practically inefficient. Now, recommended window frames 
are manufactured from aluminum, stratified wood, PVC extruded or combinations between them.  
For the same house, placed in four different climatic zones, the thermal resistance of the glazed element was 
evaluated with regards to energy consumption, especially in the critical cold period.   
 
Fig. 4. Energy consumption- heating for each thermal zone when varying the thermal resistance of the windows 
The energy consumption for heating, depending on the resistance of the windows, according to the schedule, 
decreases once the window's resistance is increased so at a resistance of 0.77 m2K/W the heating consumption is 
19.7 kWh/m2year and at the highest resistance of 1.2 m2K/W there is a consumption of 12.7 kWh/m2year for 
Bucuresti, less with 45% than in the first case. 
Energy consumption for cooling has a high value in Bucharest, comparing to the other three cities, because the 
calculation temperature for cooling is the highest. The more thermal resistance of the windows increases, the energy 
consumption to cool the building increases because the heat transfer is diminished, since the summer conventional 
mean temperature is lower than indoor temperature.  
For the studied case, the optimal thermal resistance for windows has a value of 1.1 m2 K/W. The energy gain for 
heating is not significant, only 5.9% in comparison with the case of 1.2 m2 K/W, but more than 50% energy gain in 
comparison with the case 0.77 m2 K/W. 
2.5. Orientation effect on the energy consumption  
Choosing the optimal thermal resistances for exterior walls and windows, the model is defined for further studies. 
Another aspect which might be interesting is the orientation of the house, given the position of the glazed area on each 
facade. The largest glazed area, 33.7 m2, will define the main orientation of the building. Designing a bioclimatic 
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building is to adapt the building to the particular environmental conditions and achieving high comfort with a minimal 
contribution from auxiliary sources of energy. The sun is the main energy provider in bioclimatic design.  
 
Fig. 5. Energy consumption- for Bucharest when varying the orientation 
Placing northwards does not allow direct sunlight in the house as heating consumption is the highest, with more 
than 40% when comparing with South case. East orientation exposes the housing to cold winds in the winter, and 
the consumption is approximately equal as for the western orientation, but cooling needs are higher. The house 
facing South is the best choice because during the simulation it was calculated the lowest energy consumption for 
heating, with values lower than 10 kWh/m2/year, indicating a good candidate for a passive house case. The results 
are similar with PHPP [16] calculation already performed for further certification, obtaining a value of 12.64 
kWh/m2/year for heating . During summer, the highest consumption of energy for cooling is registered with East 
orientation, followed by the North, West and South, where the simulation cases give approximate values for the 
energy consumption. 
3. Conclusions and perspectives 
Bioclimatic designing a building has the role to adapt the building to the particular environmental conditions and 
achieving high comfort with a minimal contribution from auxiliary sources of energy. An optimal orientation can 
increase the energy economy with 40%. The Sun is the main energy provider in bioclimatic design and a judicious 
choice should be preceded by numerical simulations.  
A good insulation of the envelope elements in climatic zones where the temperature computing for air 
conditioning is low, does not guarantee a lower energy consumption than a building with minimum thermal 
resistance for envelope elements because the latter permit the heat transfer to exterior which conducts to low energy 
consumption for cooling. Still, the calculation method used should be considered for this kind of results. 
The house facing South is the best choice because during the simulation the lowest values were recorded for 
heating and overall energy consumption.  During summer, the highest specific annual energy consumption for 
cooling was recorded for East orientation, followed by the North, West and South at equivalent results. Otherwise, 
the interior microclimate of a building should be the result of a multi-criteria optimization, considering both thermal 
comfort and energy saving. This study proves the need for an appropriate choice of different criteria for 
construction, finding the optimal elements for the given project in order to comply with the requirements. 
Bioclimatic design, including solar passive systems[17], should have an important role when designing a low energy 
building. It is the first step to perform the costs-benefit analysis and it is a requirement which should take place 
starting from the concept phase. Further studies must consider the thermal comfort achieved for different cases and 
cost-benefit aspects.  
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